In this paper we propose a new flux splitting approach for the symmetric hyperbolic thermodynamically compatible (SHTC) equations of compressible two-phase flow which can be used in finite-volume methods. The approach is based on splitting the entire model into acoustic and pseudo-convective submodels. The associated acoustic system is numerically solved applying HLLC-type Riemann solver for its Lagrangian form. The convective part of the pseudo-convective submodel is solved by a standart upwind scheme. For other parts of the pseudo-convective submodel we apply the FORCE method. A comparison is carried out with unsplit methods. Numerical results are obtained on several test problems. Results show good agreement with exact solutions and reference calculations.
Introduction
Modeling of two-phase compressible flows finds many applications in various engineering spheres. However, the research of two-phase models is still a challenging area of computational fluid dynamics. The numerical investigation of these problems requires powerful computing resources and therefore parallel calculations. Nowadays mathematical models of this class of problems and their computational methods are actively developed. The most widely used twophase models are the Baer-Nunziato model [1] , the Kapila model [3] and the SHTC model [4] . The main advantage of these models is the hyperbolicity of the governing equations that allows to apply well-known methods for this type of equations. The key disadvantage of the BaerNunziato and the Kapila models is that they are of non-conservative form, while the SHTC equations can be written in the conservation-law form. This shortcoming of first two models leads to difficulties in the definition of the discontinuous solutions and in the development of high order numerical methods. In this paper we introduce a new method for solving the SHTC equations of compressible two-phase flow with one common entropy. The present method is based on the original method for the Kapila equations [2] . The aim of the present work is to develop a method which allows efficient parallelization and provides reliable numerical solutions.
Numerical Method
In this paper we consider the governing partial differential SHTC equations of compressible two-phase flow in one-dimensional case [4] . The approach with one common entropy S for two phases is applied for the description of thermal effects. We study flows of water-gas and gas-gas mixtures, for which the equations of states are presented in [4] .
We apply a splitting-based method for the considered system. First, we identify the corresponding acoustic system, which includes the same equations for mixture mass, mixture mo-mentum, mixture energy as presented in the acoustic system in [2] with adding two equations: ∂ t (α 1 ) = 0 and ∂ t (c 1 ) = 0, and the pseudo-convective system
The intermediate time (n+1−) update formulae of the acoustic system in Eulerian variables is the following
where
, p * u * -pressure and velocity in the Star Region [6] , which were constructed using HLLC-type Riemann solver [7] for the acoustic system in Lagrangian coordinates. More detailed description of solving similar system is given in [2] .
The resulting conservative vector of the next time level (φ n+1 j
is obtained from the discretization of the pseudo-convective system using finite-volume method:
where the numerical intercell flux F i+1/2 is obtained applying the FORCE method [6] and the convective terms of the equations (1) are approximated with the upwind rule using corresponding velocity u * to find the direction of the convective flux.
Numerical Results
In this section we test the performance of the presented flux splitting method in order to verify accuracy and correctness on several Riemann problems. The flux splitting method is compared with direct methods (Rusanov [6] in tests 1 − 3 and GFORCE [8] in test 3). The numerical results for first phase volume fraction for tests 1 − 2 are shown in Fig. 1 , and for both first phase volume fraction and mixture density for test 3 are presented in Fig. 2 . The numerical solutions are computed in the spatial domain 0 ≤ x ≤ 1 using the mesh of M = 200 cells. Transmissive boundary conditions are applied. The calculations have been run on Lomonosov-2 system of Moscow State University using up to 72 CPU cores.
In the first test [6] we consider two perfect gases with the same properties. The initial data is set to the left and to the right of the discontinuity position In the second test we study water-air flow. The formulation of this test is close to diffuse interface problems, which have one of phases volume fraction nearly to unity and the another to zero. The initial data are: ρ 01 = 1000, ρ 02 = 1.0, γ 1 = 2.8, γ 2 = 1.4, C 1 = 1543, C 2 = 374, p 01 = 0. We ignore source terms in the considered system [4] in order to compare results obtained by the flux splitting, the Rusanov and the GFORCE methods with the reference solution, which corresponds to the GFORCE flux computed for 4000 mesh cells in the article [4] . Here we use second-order flux splitting and Rusanov methods by applying second order reconstruction of variables with the slope limiter function minmod [6] . All schemes give physically correct solution of density. The Rusanov and the flux splitting methods perform density distribution a little better than the GFORCE method. The Rusanov method provides more accurate resolution of right shock structure in density distribution, but produces small oscillations of volume fraction.
Conclusion
We have shown that the proposed flux splitting method for the one-dimensional SHTC equations provides good agreement with reference and exact solutions. Future work will concern the extension of the method to solid-water and solid-gas flows, as well as for multi-dimensional problems. We are going to improve the method for solving diffusive interface problems.
